Meta-analytic studies have shown that mild traumatic brain injury (MTBI) has relatively negligible effects on cognitive functioning at 90 or more days post-injury. Few studies have prospectively examined the effects of MTBI in acute physical trauma populations. This prospective, cohort study compared the cognitive performance of persons who sustained a spinal cord injury (SCI) and a co-occurring MTBI (N ¼ 53) to persons who sustained an SCI alone (N ¼ 64) between 26 and 76 days (mean ¼ 46) post-injury. The presence of MTBI was determined based on acute medical record review using a standardized algorithm. Primary outcome measures were seven neuropsychological tests that evaluated visual, verbal, and working memory, perceptual reasoning, and processing speed that controlled for potential upper extremity impairment. Persons who sustained SCI with or without MTBI had lower than expected performance across all neuropsychological tests, on average about 1 SD below the mean. Analysis of covariance indicated that persons with MTBI did not evidence greater impairment on any neuropsychological test. The aggregated effect size (Cohen's d) was 20.16. The strongest predictors of neuropsychological test scores were education, race, history of learning problems, and days from injury to rehabilitation admission. MTBI did not predict performance on any neuropsychological test. These findings are consistent with other controlled studies that indicate a single MTBI has negligible long-term impacts on cognition.
Introduction
Animal studies identified a pathophysiological correlate of mild traumatic brain injury (MTBI) over three decades ago (Ommaya & Gennarelli, 1974) . Since then, MTBI has been examined in the emergency room (Alves, Macciocchi, & Barth, 1993) , single-and multi-center longitudinal studies (Dikmen, Machamer, Winn, & Temkin, 1995; Levin et al., 1987) , sports (Hinton-Bayre & Geffen, 2002; Macciocchi, Barth, Alves, Rimel, & Jane, 1996; McCrea et al., 2003) , and spinal cord injury (SCI) rehabilitation (Davidoff, Morris, Roth, & Bleiberg, 1985) .
Meta-analyses of controlled studies have found that a single MTBI has a moderate effect (Cohen's d ¼ 20.41 to 20.54) on overall neuropsychological test performance 1 -7 days post-injury (Belanger, Curtiss, Demery, Lebowitz, & Vanderploeg, 2005; Schretlen & Shapiro, 2003) , a small effect (d ¼ 20.29) 7 -30 days post-injury (Schretlen & Shapiro, 2003) , negligible effects (d ¼ 20.08) 30-89 days post-injury (Schretlen & Shapiro, 2003) , and negligible effects (d ¼ 20.12 to 0.04) 90 or more days post-injury Schretlen & Shapiro, 2003) . Rohling and colleagues (2011) used a random effects meta-analytic technique to re-analyze existing outcome studies and establish effect sizes for multiple cognitive domains following MTBI. The mean effect size across all cognitive domains at 7 days post-injury was 20.39 and at 8 -30 days post-injury was 20.32. At 31-92 days post-injury (mean ¼ 58 days), the mean effect size across cognitive domains was 20.14, but moderate effects were observed for several individual domains including visual memory (20.45), working memory (20.34), and executive functioning (20.32). The mean effect size at 93+ days (mean ¼ 234 days) post-injury was 20.07 with only working memory (20.19) showing an effect size above 20.10.
Meta-analytic techniques have provided important information on how MTBI affects cognitive functioning at various points in time post-injury, but all meta-analyses are constrained by methodological limitations in the studies selected for analysis. For example, MTBI investigations that exclude participants based on age, time from injury to assessment, co-occurring medical disorders, presence of pre-injury learning disorders, or that have high attrition can significantly reduce the generalizability of research findings to clinical practice (Corrigan et al., 2003; Luoto et al., 2013) . Consequently, prospectively examining the effects of MTBI in a consecutive cohort of persons who have sustained co-occurring physical injuries and associated secondary conditions and receive standardized acute rehabilitation treatment may help address concerns about the representativeness and equivalence of MTBI and trauma control groups Dikmen & Levin, 1993; Rohling et al., 2011) .
The traumatic SCI population has a high base rate of co-occurring MTBI (Davidoff et al., 1985 (Davidoff et al., , 1988 Macciocchi, Seel, Thompson, Byams, & Bowman, 2008) , which provides an opportunity to study the acute effects of MTBI on cognitive functioning in a trauma cohort where the control group has equivalent physical injuries, secondary conditions, and treatment setting. Studying persons with traumatic SCI in the inpatient rehabilitation setting also allows for observation and analysis of medications and injury mechanisms that potentially contribute to lower than the expected neuropsychological test performance but are infrequently addressed in MTBI meta-analytic studies.
A number of factors other than MTBI that may explain neuropsychological test performance can also be examined in a prospective, cohort study. For instance Dikmen, Machamer, and Temkin (2001) report that socio-demographic factors are powerful predictors of low neuropsychological test performance. Moreover, pre-injury histories of low educational achievement or learning disabilities are not commonly examined in MTBI studies, despite evidence of their negative impact on test performance (Greiffenstein & Baker, 2003; Mapou, 2008) .
In this prospective cohort study, we compared the neuropsychological test performance of persons who sustained traumatic SCI and documented co-occurring MTBI to a concurrent control group who sustained only a traumatic SCI. Demographically diverse participants were tested while receiving inpatient rehabilitation between 26 and 76 days post-injury, consistent with the 30-90-day post-injury epoch frequently reported in the meta-analysis literature (Rohling et al., 2011) . We also examined socio-demographics, self-reported history of learning problems, markers of injury severity, and prescribed medications as potential covariates of neuropsychological test performance. Based on current research evidence from meta-analytic and standalone studies that used control groups, we hypothesized that there would be no differences in cognitive functioning between the SCI and MTBI and the SCI alone groups.
Methods

Participants
The current sample was a subset of a larger sample of persons participating in a National Institute of Rehabilitation Research (NIDRR) funded study on traumatic SCI and co-occurring TBI (Macciocchi et al., 2008) . The study was conducted at an urban, NIDRR Model Spinal Cord Injury System center that is designated as a long-term acute care hospital. Persons with a traumatic SCI aged 16-59 admitted for rehabilitation over an 18-month period (2004-2005) were eligible for inclusion (n ¼ 266). Due to the unavailability of bilingual examiners, non-English speaking persons were excluded from the study. Eighty percent of eligible persons consented to participate (n ¼ 212) and 89% of enrolled participants completed all inpatient admission and outcome measurement (n ¼ 189).
Participant data for the current study were included if persons had a medically documented traumatic SCI with either no documented brain injury or a medically documented, non-complicated MTBI as evidenced by negative imaging tests but either a period of post traumatic amnesia (PTA) , 24 h or a GCS total score of 11T, 13, or 14. The initial sample contained data on 140 persons with SCI alone or SCI and co-occurring MTBI. We excluded data on persons who previously sustained brain injury (n ¼ 11) and persons tested before 26 days (n ¼ 6) or after 92 days (n ¼ 6). The final sample consisted of 117 participants.
Measures
Neuropsychological tests were selected to assess diverse cognitive skills while eliminating performance confounds due to upper extremity motor impairment associated with tetraplegia. The tests administered included Wechsler Adult Intelligence Scale-3 (WAIS-3) Digit Span (DS) and Letter-Number Sequencing (LNS) Tests (Wechsler, 1997) ; the Hopkins Verbal Learning Test 2nd Edition (HVLT-2; Brandt & Benedict, 2001) ; the Symbol Digit Modalities Test-Oral (SDMT-O; Smith, 1995) ; the Category Test-Short Form (SCAT; Wetzel & Boll, 2000) ; and the Continuous Visual Memory Test (CVMT; Trahan & Larrabee, 1988) . All six tests are routinely used in clinical practice and research and have standardized administration and scoring procedures, good psychometric properties, and age corrected scores.
Procedure
The current study was approved by the host institution's Research Review Committee and informed consent was obtained from participants prior to enrollment. Participants were enrolled within 1 week of SCI acute rehabilitation admission. Trained research coordinators completed a structured clinical interview of the participant and when available a family member to document selected pre-injury medical issues and risk factors for cognitive impairment. A trained research coordinator administered all six neuropsychological tests during a single testing session. The research coordinator was blinded to brain injury diagnosis at the time of testing. MTBI diagnosis was established by two investigators (SNM and RTS) based on a standardized medical record review, which was completed 6 months prior to and independent of review or analysis of neuropsychological data (Macciocchi et al., 2008) .
Data Analyses
Cramer's V was used to compare demographics and injury characteristics of the SCI alone and SCI and MTBI groups. Analysis of covariance (ANCOVA) was used to examine differences in neuropsychological test scores between the SCI alone and the SCI and MTBI groups. Eight covariates were selected based on their potential to impact neuropsychological test performance: highest education level achieved, self-reported history of learning problems (e.g., attention deficit, reading, or spelling problems), African-American race, ASIA C5-T1 motor subscale score, days from injury to rehabilitation admission (i.e., a surrogate marker of medical acuity/physical injury severity), injury due to motor vehicle crash (MVC), injury due to violence, and prescribed narcotic medications.
Eta squared (h 2 ) was calculated for the ANCOVAs to identify the effect size of each of the eight covariates and the presence or the absence of MTBI controlling for all other model variables. Covariates with p ≥ .15 were removed one at a time from each model starting with the covariate with the highest p-value provided that removal did not change the direction or degree of the relationships between the presence of MTBI and neuropsychological test scores. Cohen's d was calculated using the standard deviation of the pooled sample to identify the effect size of MTBI versus no TBI on neuropsychological test scores. The percentage of persons with and without MTBI scoring 1.33 SDs below the mean or ninth percentile, 1.66 SDs below the mean or fifth percentile, and 2.0 SDs below the mean or second percentile were compared using the phi coefficient. Given the limited number of a priori between group tests for each research question, an alpha level of 0.05 was deemed appropriate.
Results Table 1 provides participant characteristics data. Both the SCI and SCI + MTBI groups were predominately young (range 16-56) and men (82%) with equivalent mean education levels of 12 years (range 8-20 years). The sample was predominately White and African American. The incidence of self-reported, pre-injury learning problems was ,15%.
Participants in both the SCI alone and SCI and MTBI groups had equivalent SCI motor levels and completeness of injury. The SCI and MTBI group was more likely to be injured in a motor vehicle accident, whereas the SCI alone group was more likely to be injured as a result of violence or sporting injury. Of the participants who sustained MTBI, 93% had documented loss of consciousness lasting ,30 min. PTA was present in 100% of participants with MTBI. The vast majority of participants were prescribed narcotic medications (80%). Neuropsychological tests were administered a mean of 46 days post-injury (range 26 -76 days).
ANCOVA produced models of neuropsychological test performance that had effect sizes, that is, variance explained, as high as 0.350 for LNS and as low as 0.064 on the SCAT (Table 2) . Completed education level (years) was a significant covariate on the five neuropsychological tests in which education corrected norms were not available. African-American race was a significant covariate in six of the seven neuropsychological test models and approached significance (p ¼ .052) in the seventh model. Self-reported history of learning problems was significant on three tests of working memory and processing speed. No significant predictors of SCAT neuropsychological test performance were identified. Controlling for covariates, sustaining MTBI did not significantly contribute to neuropsychological test performance and had an effect size (h 2 ) of 0.02 or less on all seven measures. Univariate comparison of neuropsychological test performance between the SCI and MTBI and SCI alone groups revealed no differences on verbal memory (HVLT Total and Delayed), working memory (DS and LNS), perceptual reasoning (SCAT), visual memory (CVMT), or processing speed (SDMT-O; Table 3 ). Effect sizes (Cohen's d) for each neuropsychological test ranged from 20.26 to 0.08 with an aggregated effect size for the overall battery of 20.16 at a mean of 46 days post-injury.
Comparison of binary classifications of lower than expected neuropsychological test performance, that is, 1.33 SDs below the mean or ninth percentile, 1.66 SDs below the mean or fifth percentile, and 2.0 SDs below the mean or second percentile showed a greater percentage of persons in the SCI and MTBI group who scored 1.33 SDs below the mean on the WAIS-3 DS (Table 4) . No other differences between the SCI and MTBI and SCI alone groups were found.
Discussion
Persons who sustained traumatic SCI and co-occurring MTBI did not evidence significantly greater impairment on neuropsychological tests when compared with persons who sustained a traumatic SCI alone. The aggregated MTBI effect size of 20.16 at 26-76 days post-injury in our sample is consistent with the MTBI aggregated effect size of 20.14 at 31-92 days postinjury reported by Rohling and colleagues (2011) . Socio-demographic, pre-injury, and medical covariates explained more variance in neuropsychological test performance than MTBI. Consistent with previous research, education was positively associated with better neuropsychological test performance, whereas African-American race and self-reported pre-injury history of learning problems contributed to lower test performance (Dikmen et al., 2001; Greiffenstein & Baker, 2003; Mapou, 2008) . Days from injury to rehabilitation admission and injury mechanism also evidenced stronger associations with neuropsychological test performance than a medically documented MTBI. Our findings reaffirm the critical importance of using control groups sampled from the same population when studying the effects of MTBI on cognitive functioning.
We found lower than expected neuropsychological test performance in our SCI sample with and without MTBI, with mean age-corrected test scores typically falling 1 SD below normative expectations. Several factors may explain overall low test performance in our sample. First, our sample was a traumatically injured cohort and markers of severity (i.e., days from injury to rehabilitation admission) and injury etiology (i.e., MVCs or violence) showed evidence of negatively affecting cognitive test performance. Furthermore, 36.8% of persons in our study identified themselves as African American, a rate that is almost three times the estimated percentage of African Americans in the U.S. census. Based on model beta coefficients, African-American participants scored approximately 0.4 -1.2 SDs lower on all seven neuropsychological tests, which may be attributable to unequal access to educational opportunities, cultural differences, and lack of cultural equivalence in cognitive measures (Dotson, Kitner-Triolo, Evans, & Zonderman, 2008; Manly, Jacobs, Touradji, Small, & Stern, 2002; Manly, Schupf, Tang, & Stern, 2005) . Finally, the high rates of low scores found in persons with SCI alone is consistent with other recent studies demonstrating relatively high base rates of low scores in normative samples (Binder, Iverson, & Brooks, 2009) .
Our data can inform clinical practice in several ways. Our findings were consistent with the existing body of evidence from controlled studies that reports a single MTBI has limited effects on cognitive functioning at 30-89 days post-injury. Our analyses also demonstrate that pre-injury, demographic, and medical factors explain more variance in neuropsychological test scores than MTBI. Clinicians must consider pre-injury learning problems and co-occurring trauma as potential contributors to lower than expected neuropsychological test performance following MTBI. Considering race, ethnicity, culture, and education is also essential in post-MTBI test score interpretation. Lastly, using lower than expected neuropsychological test scores as the primary basis for diagnosing MTBI .30 days post-injury will likely result in high rates of false positive diagnoses.
Our study has several methodological strengths and limitations. Participants with and without MTBI were enrolled from a consecutive, demographically diverse sample of persons with SCI who had equivalent age, education, gender, motor level and completeness of injuries, days from injury to rehabilitation, medications, and rehabilitation treatment, which minimized the potential bias in post-injury environmental factors and non-equivalence of the comparison group. Acute medical records were rigorously retrieved and reviewed using a standardized diagnostic algorithm to determine the history of MTBI prior to examining covariates or neuropsychological test data. The percentage of persons diagnosed with TBI in our initial SCI study was the highest rate reported in an inpatient SCI rehabilitation sample (Macciocchi et al., 2008) . The consent rate was high (80%) and the attrition rate was quite low (11%). Finally, the socio-demographic and injury-related covariates examined provide empirically plausible alternative explanations for lower than expected neuropsychological test performance in the SCI population. With regard to study limitations, persons with SCI often have risk factors for reduced cognitive efficiency including depression, pain disorders, and insomnia (Sipski & Richards, 2006) , which we were unable to systematically examine, but merit exploration in future MTBI studies. We did not conduct effort testing, which may have identified suboptimal effort as a covariate of lower than expected test performance in both the SCI and SCI + MTBI groups. Suboptimal effort can lower test performance by at least 1 SD (Green, Rohling, Lees-Haley, & Allen, 2001 ). Future studies of MTBI using trauma populations should consider using effort measures to exclude suboptimal effort as an explanation for lower than expected test scores. Our sample was predominately young, that is, ,40 years old, and our results cannot be generalized to older persons with MTBI. Our sample also was not large but generated models with high power. Lastly, eta-squared and Cohen's d are effect size calculations for samples and are not corrected for populations.
In conclusion, few controlled studies have been conducted in populations with an MTBI and other significant trauma during the acute recovery period. We found no evidence that a single MTBI negatively impacted cognitive functioning following cooccurring SCI. These results support prospective, controlled studies conducted over the past two decades (Rohling et al., 2011) . Further research on the impact of physical trauma and secondary conditions on neuropsychological test performance is warranted. The evidence from this study and the research literature indicate that clinicians who observe lower than expected neuropsychological test performance .30 days following a single MTBI must consider alternative explanations for test performance including socio-demographic factors, history of learning disorders, and co-occurring medical conditions.
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